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Abstract 21 
 22 
The Solomon Islands, like other small island developing states in the Pacific, face significant 23 
challenges from a changing climate, and from increasing extreme weather events, while also 24 
lagging behind the rest of the world in terms of drinking water, sanitation and hygiene (WaSH) 25 
services. In order to support planning for the implementation of national WaSH strategies and 26 
policies, this study contextualizes  representative urban and rural baselines for Sustainable 27 
Development Goal (SDG) 6  (“by 2030, achieve access to adequate and equitable sanitation and 28 
hygiene for all and end open defecation”). We highlight specific threats to the current sanitation 29 
services under extreme weather events such as flooding and drought, both of which are 30 
commonly observed in the country, and provide suggestions for structural improvements to 31 
sanitation facilities to increase resiliency. As the first detailed nationally representative cross-32 
sectional sanitation study in urban and rural areas in the Solomon Islands, the results of this 33 
paper inform national WaSH policy, strategic planning and programming by the Solomon Islands 34 
Government and stakeholders.  35 
 36 
  37 
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Highlights 38 
 39 
 First representative water, sanitation and hygiene study in the Solomon Islands.  40 
 Inadequate sanitation and open defecation are more widespread in rural than in urban 41 
areas.  42 
 Our baseline data shows that the sanitation situation is worse than presented in official 43 
country-wide estimates (JMP).  44 
 Assessment of vulnerability, adaptability and resilience of sanitation infrastructure 45 
during flooding and drought. 46 
 Relevance for national policies, planning and programming.  47 
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MAIN TEXT 65 
1 Introduction 66 
Small Island Developing States (SIDS) such as Pacific Island Countries (PICs) are environmentally, 67 
socio-culturally, and highly economically diverse, and face significant challenges from a changing 68 
climate. PICs are vulnerable to extreme weather events such as tropical storms, drought, heavy 69 
rainfall, and flooding, as well as longer-term hardships related to sea level rise (IPCC 2014). PICs 70 
are inhabited by predominantly rural populations with limited resources and market access, and 71 
diverse cultures, all of which make the provision of drinking water, sanitation and hygiene 72 
(WaSH) services difficult (Hadwen et al. 2015, MacDonald et al. 2017).  73 
PICs lag behind the rest of the world in terms of sanitation services, and marked disparities exist 74 
between urban and rural areas (WHO & UNICEF 2017). Inadequate sanitation poses a serious 75 
contamination threat to an already limited freshwater supply (Merson et al. 1977, Mosley et al. 76 
2004, White et al. 2008), and increases the vulnerability of the communities who rely on it 77 
(Anthonj & Falkenberg 2019). Combined with poor hygiene, such conditions expose community 78 
members to infectious disease transmission (Bukenya & Nwokolo 1990, Greenwell et al. 2013), 79 
thus severely impairing human health, well-being and socio-economic development (Bartram & 80 
Cairncross 2010, Black et al. 2003, Fewtrell et al. 2005).  81 
In the Solomon Islands, while the largest share of the population lives in rural areas (75%), 82 
urbanization is occurring at a rapid pace. By 2050, the urban population is projected to reach 83 
40%. This rapid growth of urban areas increases the strain on urban planning, water, sanitation 84 
and sewerage services, health service provision and general infrastructure (Anthonj et al. 2014, 85 
Haberkorn 2008, SIG 2009, Schrecongost & Wong 2015, Schrecongost et al. 2015, UN-Habitat 86 
2012). The Solomon Island Government National WaSH Policy has the vision that “all Solomon 87 
Islanders will have easy access to sufficient quantity and quality of water, appropriate sanitation 88 
and will be living in a safe and hygienic environment by 2024” (MHMS 2014). Achieving this aim 89 
is challenging, considering the markedly low access to a sanitation service, the lack of a hygiene 90 
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policy and the low coverage of basic drinking water services (Anthonj et al. 2018, Shields et al. 91 
2017).  92 
The country is vulnerable to climate change (Shields et al. 2016), impacted by sea level rise 93 
(Albert et al. 2016), and faces threats from increasingly frequent extreme weather events, 94 
particularly tropical cyclones and heavy rains resulting in flash floods (Hadwen et al. 2015), as 95 
well as decreased rainfall and resulting drought (Hadwen et al. 2015, Connell 2015). Such events 96 
can damage sanitation infrastructure (MacDonald et al. 2017, Howard & Bartram 2010) and 97 
threaten the sustainability of development programs. The literature base discussing how climate 98 
change affects sanitation infrastructure is very limited (Howard et al. 2016, Luh et al. 2017,  99 
Sherpa et al. 2014), even though the impacts will likely be just as significant as those on water 100 
infrastructure (Howard et al. 2016) and may contribute or compound the threats to drinking 101 
water supplies (Luh et al. 2017). In the Solomon Islands, in the light of vulnerability to climate 102 
change and related extreme weather events, poor sanitation planning that is not adapted to 103 
increased likelihood of extreme weather events will likely pose serious threats to their already 104 
fragile freshwater resources (Merson et al. 1977, Mosley et al. 2004).  105 
“Ensuring availability and sustainable management of water and sanitation for all” is a priority in 106 
global development policy agendas, reflected in the United Nations General Assembly’s 107 
recognition of the human right to water and sanitation (Resolution 64/292) (UN 2010), as well 108 
as in the Sustainable Development Goals (SDGs) through Goal 6 (UN 2015). To support planning 109 
for the implementation of national strategies and policies, and to create a representative baseline 110 
for SDG 6.2 reporting (“by 2030, achieve access to adequate and equitable sanitation and hygiene 111 
for all and end open defecation, paying special attention to the needs of women and girls and 112 
those in vulnerable situations”), two baselines, including rural and urban household data 113 
collection, were conducted in the Solomon Islands by UNICEF Pacific (Anthonj et al. 2018, Shields 114 
et al. 2017,).  115 
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Based on these two datasets and the comparative urban / rural analysis of sanitation service 116 
levels and infrastructure, we 117 
(i) contextualize our sanitation results in terms of their assumed resilience (vulnerability 118 
and assumed adaptability) under two extreme weather event scenarios, increased 119 
rainfall and decreased rainfall, and  120 
(ii) compare our baseline data to regional estimates for SIDS and PICs in Oceania, and  121 
(iii) identify gaps and potential for improvement, informing national WaSH policy, 122 
strategic planning and programming. 123 
This is the first paper to examine the climate resilience of  sanitation in a SIDS and PIC. The 124 
analysis may be used to assist in the planning of future interventions, and it provides suggestions 125 
for renovations and adaptations to current sanitation infrastructure to extreme weather events.  126 
2 Material and methods 127 
2.1 Country context  128 
2.1.1 The Solomon Islands: A Small Island Developing Country in the Pacific 129 
The Solomon Islands, an archipelagic state situated in the South West Pacific Ocean, comprises 130 
six major islands and nearly 1,000 smaller islands, of which approximately 350 are inhabited, 131 
extended over approximately 28,400 km² (Figure 1). About 75% of the population live in rural 132 
areas (Anthonj et al. 2018) with approximately 20 people per square km, making it one of the 133 
least densely populated areas in the world (Schwarz et al. 2011).  134 
Figure 1 135 
The capital, Honiara, is located on Guadalcanal, the largest island. The country has  nine provinces 136 
and is home to approximately 600,000 inhabitants (18.1 people/km²).  137 
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2.1.2 The population and household structure of the Solomon Islands 138 
As one of the Pacific's poorest countries, the Solomon Islands mainly relies on subsistence 139 
farming and struggles with poor infrastructure, limited labour skills, high utility costs, land tenure 140 
issues, and limited public administration and financial management capacity (DFAT 2018), 141 
compromising their ability to provide public services to the small and geographically dispersed 142 
population. Households in the Solomon Islands are mainly headed by men (75%), both in rural 143 
(81%) and in urban areas (66%), and household sizes are larger in urban (mean=7) than rural 144 
areas (mean=6) (Table 1) (Anthonj et al. 2018, Shields et al. 2017).  145 
2.1.3 Sanitation and hygiene in urban and rural areas of the Solomon Islands 146 
An often-stated obstacle to improving WaSH services in PICS relates to their isolated geography 147 
and the remoteness of the communities, which can create a more pronounced rural-urban 148 
disparity (Clarke et al. 2014, MacDonald et al. 2017, Hadwen et al. 2015). Based on the analysis 149 
preceding this paper (Supplementary Files 1-3, Anthonj et al. 2018, Shields et al. 2017), significant 150 
rural-urban inequalities in sanitation services, child faeces disposal and handwashing services, 151 
exist in the Solomon Islands.  152 
Urban-rural inequalities in sanitation access in the Solomon Islands are particularly striking, with 153 
significantly greater access to sanitation services amongst urban (81%) compared to rural (20%) 154 
households. While in rural areas, flush toilets to pit latrines / drums (7%) and, pit latrines without 155 
slab / open pit (5%) are common among households that have sanitation facilities, urban 156 
households mainly have flush toilets to septic tanks (44%) (Figure 2, Supplementary File 1).  157 
Figure 2 158 
Quality of sanitation services amongst households with sanitation access is markedly uneven 159 
between rural and urban populations with significantly inferior sanitation services in rural areas. 160 
Most urban households (68%) have a basic sanitation service, while only 14% of rural households 161 
have a basic sanitation service. Access to sanitation facility, sanitation service levels, toilet 162 
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ownership, cleanliness, happiness with the sanitation facility and use significantly differ between 163 
rural and urban areas, and the urban sanitation situation is generally better than the rural 164 
sanitation situation (Supplementary File 2). 165 
Open defecation is practiced in 80% of rural households, and in 19% of urban households (Figure 166 
3). High rates of open defecation, as we found in rural areas of the Solomon Islands, are likely to 167 
have detrimental effects on the already fragile and scarce freshwater resources available 168 
(Carpenter & Jones 2004, Hadwen et al., 2015).   169 
Figure 3 170 
Access to a handwashing facilities is significantly higher in urban (75%) than in rural (51%) 171 
households. Fewer rural (16%) than urban households (43%) have a basic hygiene service 172 
(Supplementary File 3) (Anthonj et al. 2018, Shields et al. 2017). 173 
2.1.4 Climate and extreme weather events in the Solomon Islands 174 
The tropical equatorial climate is characterized by fairly constant high temperatures (~27 °C), 175 
high humidity (80%) and abundant rainfall in most areas throughout the year (3,000 to 5,000 176 
mm per annum). Rainfall patterns vary between locations, topographical gradients, and 177 
according to the season (MECDM 2012, MECDM 2018). The rainy season, within which on average 178 
almost 70% of the yearly total rain falls (~1,800 mm), lasts from November to April, and during 179 
this time, most flooding takes place as well. The dry season (~600 mm) lasts from May to October. 180 
Most rain falls from January to March, during the West Pacific Monsoon, which feeds the South 181 
Pacific Convergence Zone, and Intertropical Convergence Zone, which lies closest to the Solomon 182 
Islands during that time of the year. The far east of the country receives more precipitation during 183 
the year (280 to 420 mm per month). Rainfall in the Solomon Islands varies from year-to-year, 184 
and is strongly influenced by the El Niño-Southern Oscillation, particularly in the rainy season, as 185 
well as by La Niña. The winds are seasonal as well, and typically not as strong as in other Pacific 186 
regions further South or East (MECDM 2012). A number of tropical low pressure systems occur 187 
in each year’s rainy season, but relatively few of these develop into tropical cyclones, and when 188 
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they hit the Solomon Islands, they are usually in the early stage of their life cycle and less 189 
damaging than elsewhere in the South West Pacific. Nevertheless, resulting flooding and winds 190 
caused loss of lives, and severe damage to infrastructure, water supplies, and agriculture (MECDM 191 
2018). 192 
2.2 Survey instrument design and testing  193 
Structured surveys were programmed into the Akvo FLOW mobile data collection tool which 194 
allowed data to be collected using smart phones, uploaded directly into a cloud-based database. 195 
The surveys covered sanitation access, quality and type of sanitation infrastructure, cleanliness, 196 
privacy and security, use of sanitation facilities, disposal of child faeces, hygiene access, and 197 
diarrhoea prevalence in the three days preceeding the survey. The questionnaires were 198 
developed within the Rural WaSH program within the Solomon Islands Ministry of Health and 199 
Medical Services (MHMS) Environmental Health Division (EHD), with input from the broader 200 
WaSH sector in the Solomon Islands, and reviewed by the National Statistics Office, WaterAid and 201 
UNICEF.  202 
Prior to data collection, trainings of enumerators and team supervisors were conducted by 203 
MHMS, WaterAid (for the rural baseline only) and UNICEF. The two-week training covered 204 
planning of data collection, familiarization with the use of the mobile tool (AkvoFlow) by practical 205 
exercises, familiarization with the survey, pre-test of survey instruments, training in the sampling 206 
methodology of households, as well as reporting, supervision and information management. 207 
2.3 Sampling  208 
The sample designs for the urban and rural baseline surveys were developed in collaboration 209 
with the Solomon Islands National Statistics Office. The samples were designed to be nationally 210 
representative (Figure 1).  211 
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Enumeration areas (EAs) were the foundation of sampling. EAs correspond to the national 212 
population and housing census (SIG 2009) which, for field operational purposes, the whole 213 
country was divided into 1,344 enumeration areas (EAs), defined within the ward boundaries. 214 
2.3.1 Rural areas  215 
In rural areas 79 enumeration areas (EAs) out of the total 1,061 rural EAs in the Solomon Islands 216 
were sampled. EAs were then selected using the probability proportional to size method in each 217 
stratum (province). The selection was done using a fixed interval with a random start point. 218 
Within each EA, twenty households were randomly surveyed, resulting in a total of 1,597 219 
households.  220 
2.3.2 Urban areas 221 
The sampling target for urban areas was 108 enumeration areas out of the total 283 urban EAs; 222 
54 EAs in the Greater Honiara area and 54 EAs elsewhere. In the Greater Honiara area, 54 EAs 223 
were selected using the probability proportional to size method. In other urban areas, 54 EAs 224 
were selected due to the small populations. Eleven households per EA were randomly selected 225 
and out of those, ten were surveyed, resulting in a total of 1,062 households. The capital Honiara, 226 
although located in Guadalcanal, was sampled separately from the rest of Guadalcanal. No urban 227 
households were sampled in the province of Rennell & Bellona (Figure 1). 228 
2.4 Data collection 229 
Data collection was carried out by teams consisting of Solomon Islands Ministry of Health and 230 
Medical Services (MHMS) WaSH staff, volunteers and enumerators. Data collection was 231 
supported by Demographic Health Survey (DHS) enumerators to use existing experience and help 232 
ensure that teams maintain quality when collecting data in the field. Data collection was 233 
conducted in English and Pidgin, and managed by the UNICEF Solomon Islands WaSH Officer in 234 
oversight of a project manager and coordinator. The data collection in the rural EAs was 235 
conducted from November 2015 to January 2016. Data collection in urban EAs took place from 236 
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August to September 2017. Ethical clearance was obtained from the University of North Carolina 237 
at Chapel Hill (study #16-0842 and #17-3194). 238 
2.5 Data analysis  239 
We calculated descriptive statistics and conducted Chi-Square tests to describe the magnitude of 240 
the disparity between urban and rural areas. Frequencies for all variables of interest are reported, 241 
as well as means and/or quintiles for numeric variables. STATA 15 was used to clean and analyze 242 
the data. The significance level was set at p-value ≤ 0.05 (Supplementary Files 1-3).  243 
We contextualized the domestic urban and rural sanitation infrastructure results in terms of their 244 
assumed resilience, vulnerability and adaptability that is assumed since the infrastructure has yet 245 
to be adapted and thus resilience cannot be measured, using the global assessment of resilience 246 
of water and sanitation technology framework provided by Howard et al. (2010) and Howard & 247 
Bartram (2010) (Table 2). The analysis considered two extreme weather event scenarios, 248 
including i) increased rainfall and ii) decreased rainfall as outlined by the mentioned framework.  249 
Table 2 250 
 251 
3 Results: Vulnerability and adaptability of sanitation infrastructure in the 252 
Solomon Islands 253 
3.1 Sanitation services under an increased rainfall scenario 254 
Overall the majority of households had low assumed resilience (high vulnerability and low 255 
adaptability, see Table 2) under an increased rainfall scenario, due to the high rate of open 256 
defecation (56%). Of the households with access to a sanitation service, the majority had a 257 
medium-high assumed resilience (medium vulnerability and high adaptability), since they had 258 
access to pit latrines (20%). A marked difference in the assumed resilience of sanitation services 259 
between urban and rural areas was apparent (Figure 4).  260 
Figure 4 261 
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The majority of urban households’ sanitation had medium to medium-high assumed resilience to 262 
increased rainfall due to high septic tank (44%) and pit latrine (26%) ownership. Most rural 263 
households had low assumed resilience due to high rates of open defecation (80%). Rural 264 
households with a sanitation service (20%), had primarily medium-high assumed resilience 265 
under an increased rainfall scenario because they had pit latrines (17%).  266 
3.2 Sanitation services under a decreased rainfall scenario 267 
Under a decreased rainfall scenario, overall, the majority of the study population in the Solomon 268 
Islands had a low assumed resilience (high vulnerability and low adaptability, see Table 2) due to 269 
the high rate of open defecation (56%) (Figure 5). The majority of households that had a 270 
sanitation service had a medium-high assumed resilience due to the high rate of pit latrine 271 
ownership (20%). Similar to under an increased rainfall scenario, the resilience differed between 272 
urban and rural households.  273 
Figure 5 274 
 275 
In urban areas, majority of households had medium-to-high assumed resilience under decreased 276 
rainfall scenarios, since they had septic tanks (44%) which have a medium assumed resilience 277 
(medium vulnerability and medium adaptability) or pit latrines (26%) which have a high 278 
resilience (low vulnerability and high adaptability). Most rural households, had low assumed 279 
resilience, due to the high rate of open defecation (81%). However, of the rural households that 280 
had a sanitation facility the majority had high resilience because they had pit latrines (17%).  281 
4 Discussion 282 
We contextualized our results concerning urban and rural sanitation services with assumed 283 
resilience, vulnerability and assumed adaptability to two extreme weather event scenarios – 284 
decreased rainfall and increased rainfall -  using the global assessment of resilience of water and 285 
sanitation technology framework provided by Howard et al. (2010) and Howard & Bartram 286 
(2010) .  287 
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4.1 The value of our sanitation baseline data: comparison to regional estimates 288 
PICs lag behind international trends in sanitation and hygiene development, experiencing some 289 
of the lowest levels of global improvement in WaSH (WHO & UNICEF 2017). Of all PICs, the 290 
Solomon Islands has among the lowest access to basic sanitation services according to our 291 
baseline (36% overall), and according to previous JMP estimates (31% overall, WHO & UNICEF 292 
2017), only exceeding Papua New Guinea (19% overall, WHO & UNICEF 2017). The Solomon 293 
Islands also has the highest rate of households without access to a sanitation service in the region, 294 
according to our baseline (55% overall), and according to previous JMP estimates (41%) (Table 295 
3).  296 
Table 3 297 
Our analysis is comparable to the official JMP statistics for basic and limited sanitation services.  298 
Comparing our baseline results of households with unimproved services (6% urban; 6% rural) 299 
to the average numbers according to the JMP (23% overall; 0% urban; 29% rural) (WHO & 300 
UNICEF 2017), reveals that the sanitation situation in the surveyed households may be worse 301 
than presented in official country-wide numbers. This is reflected also in a higher rate of 302 
households without access to a sanitation service in our survey (55% overall; 18% urban; 80% 303 
rural) relative to the numbers reported by JMP (41% overall; 9% urban; 50% rural) (WHO & 304 
UNICEF 2017).  305 
The differences between our findings and official statistics such as JMP estimates may be 306 
explained by various factors including our sampling and data collection methods, our large 307 
sample size (n = 2,667), small differences in the definition of sanitation services which were more 308 
precise and WASH-focused than the Demography and Health Surveys (DHS), Multiple Indicator 309 
Cluster Surveys (MICs) and censuses that usually form the basis of JMP estimates. While we 310 
randomly surveyed urban and rural household representing the entire country, MICS surveys 311 
cover only a specific population group in or a certain geographical area within a country,  and 312 
censuses DHSs are nationally-representative household surveys that provide data for a wide 313 
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range population, health and nutrition indicators, thus often lacking detail . Additionally, 314 
differences in estimates may be explained by the methods used to determine the JMP estimates. 315 
JMP derives their estimates by applying an ordinary least squares linear regression to multiple 316 
data points from different surveys and across multiple years to determine estimates for the 317 
country (WHO & UNICEF 2017) for each year, whereas we present the data from the households 318 
we surveyed at a single time point from a cross-sectional survey without interpolations or any 319 
derivations.  320 
4.2 Vulnerability and adaptability of sanitation infrastructure: resilient to extreme 321 
weather events? 322 
The Solomon Islands is vulnerable to climate change (Shields et al. 2016) and frequently 323 
experiences extreme weather events. Tropical cyclones,  resulting flooding, as well as drought are 324 
on top of the list. In the South Pacific, increases in annual precipitation may exceed 20% (Perkins 325 
et al. 2012, IPCC 2014). Heavy rainfalls are likely to become more frequent and intense, 326 
potentially causing more frequent flash floods (Hadwen et al. 2015). Additionally, while average 327 
rainfall is projected to increase in the rainy season, the Solomon Islands and other PICs will also 328 
experience a decrease of rainfall in the dry season rainfall (Hadwen et al. 2015, Connell 2015). A 329 
range of models also indicate tropical cyclones will become more intense, with larger peak winds 330 
speeds (Hadwen et al., 2015).  331 
We discuss the resilience of current sanitation infrastructure in urban and rural areas in the 332 
Solomon Islands under two extreme weather scenarios – decreased rainfall and increased rainfall 333 
(Howard et al. 2010, Howard & Bartram 2010).  334 
4.2.1 Sanitation under a decreased rainfall scenario  335 
In environments that are getting drier and where groundwater levels decline, the impact on 336 
sanitation services may be a mix of both positive and negative impacts.  337 
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Of the rural households with sanitation access in the Solomon Islands, the majority use pit latrines 338 
(17%). This type of sanitation infrastructure will make rural households relatively climate-339 
resilient during periods of decreased rainfall, as pit latrines continue to function properly despite 340 
reduced water availability (Luh et al. 2017). While a pour-flush pit latrine is less resilient than 341 
dry pit latrines due to the water required to transport the solids and the increased susceptibility 342 
to clogging with water scarcity, they may be readily adapted to deal with issues under a decreased 343 
rainfall scenario (Luh et al. 2017, Sherpa et al. 2014). Additionally, a drying climate may actually 344 
have positive effects on on-site sanitation, as lowering groundwater levels reduce pollution risks 345 
from pit latrines (Howard & Bartram 2010, Howard et al. 2006), and groundwater flooding of pits 346 
may be less frequent (Sherpa et al. 2014, Luh et al. 2017).  347 
One quarter of urban households also use pit latrines (26%) and will be similarly resilient to the 348 
effects of a drying, increasingly water-scarce environment like their rural counterparts. However, 349 
the majority (52%) of remaining urban households use septic tanks or sewer systems. While, 350 
similar to pit latrines, lower groundwater levels can also reduce the risk of seasonal flooding of 351 
septic tanks (Howard & Bartram 2010, Luh et al. 2017), in drying environments, the volumes of 352 
water required to keep a septic tank functioning may be difficult to sustain increasing the risk of 353 
clogging and making it difficult for mechanical removal of sludge (Sherpa et al. 2014). Declining 354 
water availability will also pose major threats to sewer systems as obtaining sufficient quantities 355 
of water to transport solids through the pipes will be problematic (Howard & Bartram 2010, Luh 356 
et al. 2017). In an expert assessment of the resilience of water and sanitation systems to climate-357 
related hazards (Luh et al. 2017), one expert cited an example of a drought in Zimbabwe where 358 
residents were instructed to only flush their toilets on the hour, otherwise not enough liquid 359 
would be available to carry the solids through the piped network.  360 
To make urban sanitation more resilient in a drying environment, the Solomon Islands will 361 
require a shift towards modifications of septic tanks and sewers that require less water for 362 
flushing and carriage. This may include reducing water used for septic systems and using manual 363 
emptying with adequate protective measures (Sherpa et al., 2014). Additionally, households 364 
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could convert their conventional sewage connections to solids-free sewage1, which can be better 365 
adapted to drying climate conditions since there is no minimum flow velocity and less chance of 366 
clogging (Sherpa et al. 2014, Tilley et al. 2014). However, converting to solids-free sewage will 367 
require a high capital investment and as a result may hinder the Solomon Island’s adaptive 368 
capacity to improve the resilience of these systems.  369 
4.2.2 Sanitation under an increased rainfall scenario 370 
In 2014, heavy rains from a tropical depression, which later became a cyclone, caused severe 371 
flooding that affected over 50,000 people, displaced over 10,000 people and severely damaged 372 
and destroyed buildings and infrastructure, including sanitation, in the Solomon Islands, 373 
particularly in the capital Honiara (Reliefweb 2014). The catastrophic floods showed that with 374 
rainfall increases or where there is a shift to higher intensity events, the effect on sanitation 375 
services may be seriously adverse in both rural and urban areas.  376 
In rural areas, where the primary form of sanitation among households that have access to a 377 
sanitation facility is pit latrines (17%), the primary concern is flooding due to rising groundwater 378 
levels (Sherpa et al. 2014, Howard & Bartram 2010, Luh et al. 2017). Intense flooding can lead to 379 
overflowing, contamination of drinking water sources and widespread faecal spillage into the 380 
environment (Howard et al. 2010). Pit latrines may be readily adapted to prevent flooding by 381 
elevating them above ground and creating watertight chambers (Uddin et al. 2013, Sherpa et al. 382 
2014). These adaptations are typically paired with urine-diversion and the replacement of one 383 
pit with two shallower pits that can be alternated to facilitate proper retention time for the 384 
degradation of faecal material (Tilley et al. 2014, Uddin et al. 2013). However community-led total 385 
sanitation (CLTS), which is the official sanitation policy in the Solomon Islands, does not dictate 386 
construction of watertight raised pit latrines. Therefore, to increase resilience it will be important 387 
                                                          
1 A solids-free sewer is a network of small-diameter pipes that transports pre-treated and solids-free wastewater (such 
as septic tank effluent). It can be installed at a shallow depth and does not require a minimum wastewater flow or slope 
to function. 
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to shift pit latrine design policy towards technologies that are more flood-resilient. This may 388 
require greater household investment and possibly subsidies.  389 
In urban areas, the primary form of sanitation is a mixture of pit latrines (26%) and septic tanks 390 
(44%). In the expert assessment of the resilience of sanitation systems to climate-related hazards 391 
(Luh et al. 2017), septic tanks and pit latrines were scored similarly. However, Howard et al. 392 
(2016) considered pit latrines more resilient than septic tanks because pit latrines could be more 393 
readily adapted, as discussed above. Urban households with pit latrines may adapt their 394 
sanitation facilities similar to their rural counterparts, as raised water-tight pit latrines are also 395 
suitable in densely populated areas (Tilley et al. 2014). Septic tanks, similarly face issues due to 396 
flooding (Sherpa et al. 2014, Luh et al. 2017). Septic tanks can also suffer from backflow of waste 397 
into houses, and drain fields of septic tanks represent a highly significant source of environmental 398 
contamination if flooded (Sherpa et al. 2014). While septic tanks are technically designed to be 399 
watertight, this may not necessarily be the case for all septic tanks constructed in low and middle 400 
income countries. If the septic tanks are not currently watertight they could be modified using 401 
materials such as sealed blocks or formed concrete (Uddin et al. 2013, Tilley et al. 2014). They 402 
may also be fitted with non-return valves to prevent backflow into houses (Luh et al. 2017) and 403 
french drains2 to divert water away from the drain field (Sherpa et al. 2014, Mara 1996). 404 
Additionally, in urban areas currently only 7% of households are connected to sewerage systems 405 
in the Solomon Islands. If connection rates increased, these systems will be highly vulnerable to 406 
greater rainfall and flooding events, particularly if combined or modified sewers are used 407 
(Howard & Bartram 2010, Howard et al. 2016, Luh et al. 2017). Making these systems resilient 408 
will require a substantial investment in sewage treatment protected from flooding with the 409 
installation of dykes. It will also require protecting sewers from damage during floods, such as 410 
the simplified sewer networks that were successfully constructed in India to withstand flooding 411 
(Sherpa et al. 2014). However all of these adaptive measures are considerable investments, 412 
                                                          
2 A French drain is a ditch lined with gravel with an embedded pipe that can carry water away from any designated 
surface area. 
17 
 
requiring wide coordination among households, urban planners, and the government and as a 413 
result may hinder the Solomon Island’s capacity to adapt.  414 
4.2.3 Open defecation under two extreme rainfall scenarios 415 
Although open defecation is not a sanitation technology, and as a result may not be “adapted” to 416 
extreme weather events, it poses a sanitation behaviour practiced by a marked proportion of 417 
households in the Solomon Islands. If the rates remain high this practice will pose varying threats 418 
under the two extreme weather scenarios presented in this paper.  419 
Health hazards associated with open defecation may not be exacerbated under a decreased 420 
rainfall scenario unless a drying environment is also paired with short intense rainfall episodes 421 
(Luh et al. 2017). With short intense rainfall episodes faecal material may be easily transported 422 
and contaminate safe water sources and domestic environments. Additionally, reduced water 423 
availability may also spur an increase in open defecation practices, as flush toilets may stop 424 
functioning and because inadequate water supply may limit hygienic sanitation practices such as 425 
anal cleansing (Sherpa et al. 2014). Colin (2009) and World Bank (2011) similarly reported that 426 
inadequate water supply for hygienic sanitation practices hindered the adaptation of sanitation 427 
facilities in Bangladesh and India. Therefore, as households are encouraged to adopt and to use 428 
sanitation facilities, they should be encouraged to construct sanitation facilities that do not 429 
require water, thus increasing their resilience. However, this may prove difficult and require 430 
carefully constructed behaviour change messaging, since as a CLTS case study in the Solomon 431 
Islands reported the local understanding is that “proper sanitation requires water” (Ranking 432 
2012).  433 
While rural households with pit latrine ownership may be somewhat more resilient to increased 434 
rainfall as compared to urban households, as long as rates of open defecation remain high, 435 
increased rainfall will result in increased mixing and spreading of faecal material from open 436 
defecation throughout communities, likely increasing contamination of drinking water sources 437 
(Coulliette et al. 2009). Conversely increased rainfall may threaten access to open defecation sites 438 
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since they are typically located far from the home (Coffey et al. 2014). This could encourage 439 
households with access to sanitation facilities to use them at a higher rate and motivate 440 
households without sanitation facilities to construct them. Households should be encouraged to 441 
build latrines that are adapted to floods. Urine diverting toilets with raised watertight chambers 442 
would function well in both drying and flood-prone areas.   443 
4.3 Limitations 444 
One limitation of this study lies in the cross-sectional design of the surveys, which could not 445 
account for varying service levels at different points of time, e.g. according to seasonality. The 446 
rural and urban baselines were planned based on different data collection designs, and data were 447 
collected at different times (Anthonj et al. 2018, Shields et al. 2017), which may limit the validity 448 
of our analyses. In the multi-linguistic context of the Solomon Islands, it is likely that some 449 
questions and answers of the survey were lost in translation. 450 
Different geographical areas are potentially at different ‘risk’ when it comes to sanitation and 451 
hygiene (under)supply (Anthonj et al. 2018, Shields et al. 2017), and their vulnerability, 452 
adaptability and resilience to extreme weather events. This does not only apply to the highly 453 
diverse different islands within the country, but also to urban versus peri-urban areas, and to 454 
houses with different tenure and land rights, e.g. in informal settlements (Schrecongost et al. 455 
2015). Our urban WaSH baseline treated urban areas as homogenous and did not consider 456 
differences and discrepancies between formal and informal settlements, or urban and peri-urban 457 
areas. Both would have allowed for a more detailed picture and analysis in a country where 458 
settlements underlie great dynamics in terms of their population growth and movement.  459 
The rural WaSH baseline included neither socioeconomic data, nor data on where different 460 
individual family members defecate, or whether the pit or septic tank ever filled up. These would 461 
have been important variables to include in the analyses, that could have helped disentangle 462 
explanations for the differences in sanitation services. Moreover, the rural survey was conducted 463 
during the holiday season, a time during which many people who normally live in Honiara (the 464 
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capital of the Solomon Islands) go back to their home villages. It is possible that some respondents 465 
surveyed were not full-time residents of rural areas, thus lacking some information on and/or 466 
misperceiving the sanitation situation (Anthonj et al. 2018, Shields et al. 2017).  467 
Despite these limitations, the results of this study can be assumed to apply in similar PIC and SIDS 468 
settings. 469 
5 Conclusions and recommendations for improving climate-resilient 470 
sanitation programming 471 
This study examined the resilience of current sanitation services in the Solomon Islands under 472 
extreme weather events such as flooding and drought, both of which are commonly observed in 473 
the country and the region. It is the first paper, to the authors’ knowledge, that has analyzed the 474 
climate resilience of sanitation services in a Pacific Island country or small island developing 475 
state.  476 
Research on WaSH in SIDS has been scarce. In such complex settings, sanitation, along with 477 
drinking water, hygiene, and waste management, need to be better addressed in order to achieve 478 
healthy long-term development. However, global action and research still lags behind the 479 
necessary efforts to achieve SDG 6. 480 
This study shows that climate resilience of sanitation infrastructure needs to be explicitly 481 
recognized and addressed by stakeholders, because “one size” does not fit all (Bain et al. 2014, 482 
(UN-Habitat 2012, White et al. 2008).  483 
As the first detailed nationally representative cross-sectional sanitation study to examine climate 484 
resilience in rural and urban areas in the Solomon Islands, the results of this paper inform 485 
national WaSH policy, strategic planning and programming by the Solomon Islands Government 486 
and stakeholders. 487 
At present, the Government of the Solomon Islands through the MHMS approaches sanitation 488 
with a “one size” fits all approach, and exclusively through CLTS. Despite their increasing 489 
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frequency, the impact of climate change and extreme weather events on infrastructure are not 490 
considered. Recommendations for improving climate-resilient sanitation programming in the 491 
Solomon Islands therefore include: 492 
 Explicitly considering the impact of climate change and extreme events on infrastructure 493 
and add this into the strategic WaSH plan. This will require going beyond the current CLTS 494 
policy, including contextualized health messaging, behaviour change interventions, and 495 
financial assistance programs to overcome supply chain barriers in rural areas 496 
 CLTS programming in the Solomon Islands should incorporate flood-resistant latrine 497 
design, particularly raised water-tight pits, in the light of the country’s risk to extreme 498 
weather events.  499 
 As sanitation access expands, households should be encouraged to adopt sanitation 500 
technologies that are not reliant on large quantities of water, including pit latrines or 501 
toilet designs that require less water to function.  502 
 In urban areas, with increases in population and wealth it is likely sewage connections 503 
will expand. City planners, households, and governments should consider solids-free 504 
sewage design which is more climate resilient since it does not require a minimum flow 505 
velocity, important under drought conditions, and can be made to withstand flooding 506 
events. In addition, authorities need to create systems to properly treat sewage and 507 
prevent environmental contamination.  508 
Recommendations for improving WaSH-related monitoring and evaluation and research not only 509 
in the Solomon Islands, but throughout PICs and other SIDS vulnerable to climate change include: 510 
 Accounting for issues related to climate resilience for water and sanitation services in 511 
future monitoring in SIDS, and especially in PICs such as the Solomon Islands 512 
 Adapting respective monitoring tools to the prevailing situation and challenges in order 513 
for governments to collect all information needed to adapt WaSH infrastructure in the 514 
light of increasing frequency and unpredictability of such events.  515 
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 Aligning WaSH monitoring with the proposed JMP core and expanded survey questions 516 
for the SDGs to allow countries to track progress towards the achievement of the SDGs, 517 
and compare performance to other countries.  518 
 Reporting excreta disposal for the highest level of sanitation service – safely managed. 519 
Future studies should investigate inter-urban / peri-urban differences in terms of sanitation and 520 
resilience to extreme weather events, as well as solid waste and sewerage management in more 521 
detail, in order to identify areas in which improvements and interventions are needed.  522 
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Figure 1: Rural and Urban Households in the Solomon Islands included in this Study 688 
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 690 
Figure 2: Type of Domestic Sanitation Facility [%] 691 
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Sanitation Service Levels in Households in the Solomon Islands [%] 
 
 
 
Sanitation Service Levels: Basic: Use of improved facilities which are not shared with other households. Limited: Use 
of improved facilities shared between two or more households. Unimproved: Use of pit latrines without a slab or 
platform, hanging latrines or bucket latrines. Open defecation: Disposal of human faeces in fields, forests, bushes, 
open bodies of water, beaches and other open spaces or with solid waste. Definitions based on WHO & UNICEF 2017. 
 693 
Figure 3: Sanitation Service Levels in the Solomon Islands [%] 694 
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Black circles represent urban households. White circles represent rural households. The circle size reflects the 
proportion of households that use each type of sanitation, with increasing size of circles reflecting a larger 
proportion of households.  
 
 Figure 4: Resilience of Sanitation in Urban and Rural Households in the Solomon Islands under a Scenario of 696 
Increased Rainfall 697 
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Black circles represent urban households. White circles represent rural households. The circle size reflects the 
proportion of households that use each type of sanitation, with increasing size of circles reflecting a larger 
proportion of households.  
 
Figure 5: Resilience of Sanitation in Urban and Rural Households in the Solomon Islands under a Scenario of 699 
Decreased Rainfall 700 
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Table 1: Composition of Households in the Solomon Islands 702 
 Overall  
(n=2,661) 
Rural  
(n=1,597) 
Urban  
(n=1,062) 
 Mean Median Min Max Mean Median Min Max Mean Median Min Max 
Adults (>15 years) 4 3 1 53 4 3 1 53 5 4 1 53 
Children (5-14 years) 2 1 0 20 2 1 0 20 1 1 0 10 
Children (<4 years) 1 1 0 11 1 1 0 11 1 1 0 10 
Household Size 7 6 1 56 6 6 1 56 7 6 1 55 
 703 
  704 
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Table 2: Resilience of different sanitation types under different extreme weather scenarios 705 
Sanitation Technology 
 
Decreased Rainfall 
 
Increased Rainfall 
Vulnerability Adaptability Vulnerability Adaptability 
Flush Toilet with Sewers High Low High Medium 
Flush Toilet with Septic Tank Medium Medium Medium Medium 
Pit Latrine Low High Medium High 
Adapted from Howard & Bartram (2010) 706 
  707 
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Table 3: Comparing our Results (UNICEF Pacific, 2016-2018) to WHO/UNICEF JMP Estimates 708 
(2015) on Sanitation Services in Urban and Rural Areas in the Solomon Islands, and to Small 709 
Island Developing States in the SDG Region Oceania (%)  710 
 
 
Country 
Basic Sanitation Service  Limited Sanitation Service Unimproved Sanitation Open Defecation (%) 
Solomon Islands Overall Urban Rural Overall Urban Rural Overall Urban Rural Overall Urban Rural 
 UNICEF Pacific 
results (2016-
2018)* 
35.7 68.4 13.9 3.7 7.5 1.1 5.5 5.7 5.5 55.1 18.4 79.5 
 JMP estimates 
(2015) 
31.3 76.1 18.4 5.1 14.9 2.3 22.6 0.0 29.1 41.1 9.0 50.3 
             
Other Small Island Developing States in the SDG Region Oceania (JMP estimates 2015), assorted from highest to lowest 
coverage 
 
New Caledonia 100 NA NA 0 NA NA 0 NA NA 0 NA NA 
Palau 100 100 100 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 
Wallis & Futuna  99.1 NA 99.1 0 NA 0.0 0 NA 0.0 0.9 NA 0.9 
Cook Islands 97.6 NA NA 0 NA NA 2.4 NA NA 0 NA NA 
Fr. Polynesia 96.9 NA NA 0 NA NA 3.1 NA NA 0 NA NA 
Niue 96.8 NA NA 0 NA NA 3.2 NA NA 0 NA NA 
Samoa 96.6 98.1 96.3 0 0.0 0.0 3.3 1.6 3.6 0.1 0.2 0.1 
Fiji 95.7 96.1 95.2 3.8 3.6 3.9 0.4 0.2 0.7 0.1 0.1 0.2 
Tonga 93.5 96.6 92.5 1.0 0.9 1.1 5.5 2.5 6.4 0 0.0 0.0 
Tokelau 93.1 NA 93.1 4.7 NA 4.7 2.3 NA 2.3 0 NA 0.0 
Tuvalu 91.4 91.7 91.0 0.1 0.1 0.0 1.4 2.4 0.0 7.1 5.8 9.0 
Guam 90.4 NA NA 8.8 NA NA 0.1 NA NA 0.7 NA NA 
Marshall Islands 86.9 94.8 65.9 0.1 0.1 0.1 2.4 1.6 4.5 10.6 3.5 29.5 
Mariana Islands 78.8 NA NA 18.7 NA NA 2.2 NA NA 0.2 NA NA 
SIDS 67.9 80.2 48.1 10.3 11.9 7.7 14.8 5.6 29.7 7.0 2.3 14.6 
Nauru 65.6 65.6 NA 30.7 30.7 NA 1.1 1.1 NA 2.6 2.6 NA 
American Samoa 62.2 NA NA 36.4 NA NA 1.4 NA NA 0 NA NA 
Vanuatu 53. 61.4 50.7 17.9 31.8 13.0 26.9 5.7 34.4 1.7 1.1 1.9 
Kiribati 39.8 49.5 32.1 8.4 13.7 4.1 17.2 21.7 13.7 34.6 15.2 50.1 
Papua New Guinea 18.6 55.2 13.1 3.4 8.6 2.6 65.1 32.3 70.0 12.9 3.8 14.3 
* Result from our UNICEF Pacific & The Water Institute baseline data collection in rural and urban areas (2016-2018). 711 
All other data was extracted from WHO & UNICEF JMP (2015) at https://washdata.org/data. 712 
NA stands for not applicable and applies for countries where no data was collected. 713 
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Supplementary File 1: Domestic Sanitation in the Solomon Islands [%] 715 
 Overall 
(n=2,667) 
 
Rural 
(n=1,598) 
 
 
Urban 
(n=1,069) 
 
p-value difference 
urban vs. rural 
Household Access to a Sanitation Facility <0.0001 
   No 55.06 79.54 18.73  
   Yes 44.94 20.46 81.27  
Permission to View Sanitation Facility <0.0001 
   No Permission  8.33 2.69 16.76  
   No Sanitation Facility 56.08 79.60 20.88  
   Yes 35.60 17.71 62.36  
Type of Sanitation Facility (reported) <0.0001 
   No Facilities (Bush or Field) 55.18 79.54 18.73  
   Flush to Septic Tank 19.80 3.32 44.48  
   Flush to Pit (Latrine)/Drum 10.84 7.45 15.92  
   Flush To Piped Sewer System 2.81 0.00 7.02  
   Flush to Somewhere Else 0.98 0.25 2.06  
   Ventilated Improved Pit Latrine (VIP) 1.01 0.88 1.22  
   Pit Latrine with Slab 4.80 3.32 7.02  
   Composting Toilet 0.04 0.06 0.00  
   Pit Latrine without Slab/Open Pit 3.71 5.07 1.69  
   Bucket 0.08 0.06 0.09  
   Hanging Toilet or Hanging Latrine 0.38 0.06 0.84  
   Decline to State 0.08 0.00 0.19  
   Flush to don't know where 0.30 0.00 0.75  
Type of Sanitation Facility (observed) <0.0001 
   Flush to Septic Tank 45.42 16.96 57.51  
   Flush to Pit (Latrine)/Drum 25.18 43.46 17.42  
   Flush to Somewhere Else 1.48 0.35 1.95  
   Flush to Piped Sewer System 5.80 0.00 8.26  
   Ventilated Improved Pit Latrine (VIP) 3.79 5.30 3.15  
   Pit Latrine with Slab 10.54 15.90 8.26  
   Pit Latrine without Slab/Open Pit 6.32 17.67 1.50  
   Hanging Toilet or Hanging Latrine 0.95 0.35 1.20  
   Flush to don't know where 0.42 0.00 0.60  
Location of Sanitation Facility <0.0001 
   Own Household Toilet (Inside House) 46.73 27.30 54.95  
   Own Household Toilet (Outside) 42.62 62.06 34.38  
   Shared Toilet (Public Used by Everyone) 0.84 1.06 0.75  
   Shared Toilet (Multiple Households) 9.81 9.57 9.91  
Privacy of Sanitation Facility (observed) <0.0001 
   Not Private: Can be Heard 3.93 3.67 4.05  
   Not Private: Can be Seen 6.85 14.98 2.85  
   Not Private: Can be Seen And Heard 5.54 14.07 1.35  
   Yes, Privacy is Protected 83.69 67.28 91.74  
Cleanliness of Sanitation Facility (observed) <0.0001 
   Clean: No Faecal Matter, Flies, Smell 65.36 51.68 72.07  
   Not Clean: Some Faecal Matter, Flies, Smell 28.30 38.23 23.42  
   Dirt/Filth: Lots Faecal Matter, Flies, Smell 6.34 10.09 4.50  
Happiness with Usage of Sanitation Facility <0.0001 
   Very Happy 50.55 41.28 55.11  
   Neither Happy nor Unhappy 34.64 36.70 33.63  
   Unhappy 14.80 22.02 11.26  
Usage of Sanitation Facility by All Household Members (including children) <0.0001 
   Decline to State 0.50 1.22 0.15  
   Everyone Uses the Toilet 92.45 87.46 94.89  
   Some Defecate in the Open 7.05 11.31 4.95  
Difficulty  of Household Member in Accessing Sanitation Facility 0.368 
   No 94.77 95.41 94.57  
   Yes 3.73 3.98 3.65  
   Don't know 0.79 0.61 0.84  
   Decline to state 0.72 0.00 0.94  
Sanitation Service Level    <0.0001 
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   Open Defecation 55.12 79.52 18.38  
   Unimproved 5.53 5.45 5.66  
   Limited 3.69 1.13 7.54  
   Basic 35.67 13.90 68.43  
Diarrhea1 Disease in 3 Days preceding Survey    0.918 
   No People in HH had Diarrhea 81.81 81.73 81.95  
   At Least 1 Person in HH had Diarrhea 18.19 18.27 18.05  
     
 716 
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Supplementary File 2: Disposal of Child Faeces in the Solomon Islands [%] 718 
 Overall 
(n=2,667) 
Rural 
(n=1,598) 
Urban 
(n=1,069) 
p-value  
difference urban vs. rural 
Buried/Burned 0.006 
   No 82.19 79.98 85.46  
   Yes 17.81 20.02 14.54  
Child Uses Toilet/Latrine 0.044 
   No 80.04 78.33 82.61  
   Yes 19.96 21.67 17.39  
Don't know <0.0001 
   No 95.77 92.96 100.00  
   Yes 4.23 7.04 0.00  
Drain/Ditch/Pit 0.003 
   No 93.66 92.08 95.98  
   Yes 6.34 7.92 4.02  
Open/Bush <0.0001 
   No 91.35 87.07 97.82  
   Yes 8.65 12.93 2.18  
Ocean/Beach/Seashore <0.0001 
   No 66.36 55.51 84.09  
   Yes 33.64 44.49 15.91  
Put / Rinsed into Toilet/Latrine <0.0001 
   No 86.79 96.62 73.10  
   Yes 13.21 3.38 26.90  
Put in River/Stream 0.012 
   No 95.67 96.85 94.00  
   Yes 4.33 3.15 6.00  
Thrown into Rubbish <0.0001 
   No 86.69 90.94 80.59  
   Yes 13.31 9.06 19.41  
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